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The distribution of glutathione reductase (GR), gtutathione peroxidase (GPx) and phosphotipid hydroperoxide giutathione peroxidase (PHGPx) 
in isolated rat brain mitochondria was investigated, using a fractionation procedure for the separation of inner and outer membranes, contact sites 
between the two membranes and a soluble Fraction mainly originating from the mitochondrial matrix. The data indicate that GW and GPx are 
concentrated in the soluble fraction, with a minor portion of the two enzymes being associated with the contact sites. PHGPx is localized largely 
in the inner membrane. The possible functional significance of these findings is discussed. 
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1. INTRODUCTION 
The role of both mitachondrial glutathione peroxi- 
dase (GPx, EC. 1.11.1,9) and gitiiatbione reductase 
(GR, E.C. 1.6.4.2) in the removal of H20, of mitochon- 
drial origin is well-recognized [l], Apart from the super- 
oxide radical and P-P,02 generated by the respiratory 
chain and superoxide dismutase [Z-6], Hzbr is also pro- 
duced by the two forms of monoamine oxidase (E.C. 
1.4.3.4) localized in the outer mitochondrial membrane 
[T--9]. We have recently investigated this type of W,O, 
production in rat brain mitochondria [lo], chiefly from 
the point of view of changes in glutathione levels con- 
nected with Hz02 accumulation, and with the availabi- 
lity of the reducing power necessary for the GR and 
GPx activities. Our evidence indicated that the localiza- 
tion of the two enzymes is not only the matrix, as has 
been reported [l l-l 31, but may be both the matrix and 
the intermembrane space, as demonstrated by other 
authors [14,15]. We found that both intra- and extra- 
mitochondrial reduced glutathione (GSH) and oxidized 
glutathione (GSSG) plus NADPH can react with mito- 
chondrial GPx and GR respectively, suggesting that at 
least a fraction of the two enzymes may be located at 
the contact sites between the two membranes. In addi- 
tion, brain tissue contains the enzyme phospholipid hy- 
droperoxide glutathione peroxidase (PWGPx, EC. 
1 . 1 1, 1.9), which has been reported to be heterogeneous- 
ly distributed in different membranes [16-181. 
Since the distribution of these enzymes has not yet 
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been described in brain mitochondria, we are here pre- 
senting data concerning the occurrence of GR, GPx and 
PHGPx in isolated outer and inner membranes and 
contact sites, comparing their location with those of 
well-established marker enzymes for these fractions. 
The results obtained are consistent with the suggested 
location of a fraction of GR and GPx in the contact sites 
between the inner and outer membranes of these mito- 
chondria. Moreover, the data indicate that a major part 
of the PHGPx in brain mitochondria is associated with 
the inner membrane. 
2. MATERIALS AND METHODS 
Non-synaptosomai rat brain mitochondria were prepared from 
two-months-old male albirlo rats by the procedure of Rehncrona et 
at. [l91. 
The fractionation of swollen, shrunken and sonicated mitochondria 
was performed according to Sandri et at. [ZO]. The fractions, indicated 
as soluble (S), outer membrane (IB), contact sites (IIB) and inner 
membrane (P) were obtained after a reverse sucrose density gradient 
centrifugation [20]. 
The contact-site fraction (IIB) was further processed by S-fold dilu- 
tion in 5 mM Tris-HCI buffer (pH 9.4), followed by a brief sonication 
(5 s at O”C, Branson Sonifier equipped with a micro tip, operating at 
2.8 A). 
The inner membrane fraction (P) was further processed by 30-fold 
dilution in 5 mM Tris-HCI buffer (pH 9.4), followed by sonicaticn for 
5 s under the same conditions as described above. 
The activities of the following enzymes were determined according 
to the methods quoted in parentheses: rotenone-insensitive NADH- 
cytochrome c reductase (EC. 1.6.99.3) [21]; succinate cytochrome c 
reductase (EC. I .3.99. I) [21]; maiate dehydrogenase (EC. I. I. I .37) 
[21]; creatine kinase (EC. 2.7.3.2) [22]; glutathione reductase [23]; 
giutathione peroxidase (with H20Z as substrate) [24]; phospholipid 
hydroperoxide giutathione peroxidase (with phosphatidylchoiine hy- 
droperoxides as substrate) [16]. 
Protein content of the mitochondria and the various subfractions 
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Fig. 1, Distribution pattern of marker enzymes after subfractionation 
of rat brain mitochondria according to Sandri et al. [20]. Abscissa: 
percentage of protein recovered in the single fraction: soluble(S). first 
band (IB), second band (IIB) and sediment (P). Ordinate: specific 
activity relative to that of mitoehondria. CrK, creatinc kinase; Succ.-c, 
succinate-cytochrome c reductase; NADH-c, rotenone-insensitive 
NADH-cytochrome c reductase; MDI-I, malate dehydrogenase; GPx, 
glutathioneperoxidase; PHGPx, phospholipids hydroperoxide glutat- 
hione pcroxidase; GR. glutathione reductase. 
was measured according to the bicinchoninic acid method [tS]. 
All chemicals were of the highest available purity grade. 
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Fig. 2. Distribution pattern of marker enzymes after further fractiona- 
tion of the IIB fraction obtained by reverse density gradient centrifu- 
gation of rat brain mitochondria after swelling, shrinkage and sonica- 
tion (see Fig. I). Experimental conditions were as indicated in section 
2. Abscissa: percentage of protein recovered in the single fraction: 
soluble (SN& and sediment (P,,,). Ordinate: specific activity relative 
to the intact IIB fraction. Marker enzymes as in Fig. 1. 
of GPx and PHGPx resemble that of succinate-cyto- 
chrome c reductase. These data, however, leave the 
question open as to whether these enzymes are present 
in the matrix that is entrapped in the contact-site and 
irmer membrane vesicles, or whether they are real 
membrane components. 
In order to answer this question, we subjected the 
contact-site fraction (II@ to a further disruption by 
sonication and subseauent centrifugation. The results 
are shown in Fig. 2, Ghere the hi&grams refer to the 
supernatant (SN,,,) (matrix content) and the sediment 3. RESULTS AND DISCUSSION 
Fig. I shows the submitochondrial distribution and (PI,&) (contact sites). Succinate-cytochrome c reductase, 
the specific activities, relative to whole mitochondria, of creatine kinase and malate dehydrogenase showed the 
the marker enzymes and of GR, GPx and PHGPx. expected pattern: practically all the activity of the first 
The rotenone-insensitive NADH-cytochrome c re- two enzymes remained in the membranes, whereas the 
ductase (marker of the outer membrane) is enriched in bulk of malate dehydrogenase became soluble. On the 
the IEJ fraction. The succinate-cytochrome c reductase other hand, the GR activity was not completely released 
(marker of the inner membrane) is enriched in the P by this treatment, about 20% remaining bound to the 
fraction. The creatine kinase, which together with hexo- membrane fraction. More, up to 37%, of the GPx acti- 
kinase and glutathione transferase, is a marker for the vity, and even more, about 75%, of the PHGPx, were 
contact sites [26], shows a pronounced enrichment in the also recovered in the contact sites. 
IIB fraction. This fraction also contains some rotenone- A similar procedure was used for inner membrane (P) 
insensitive NADI-I-cytochrome c reductase and suc- vesicles: Fig. 3 shows that in this case, only the PI-IGPx 
cinate-cytochrome c reductase activities, originating behaved as a membrane-bound enzyme, similar to the 
from the outer and inner membranes. Finally, the bulk succinate-cytochrome c reductase, whereas GR and 
of the activity of malate dehydrogenase (marker of the GPx showed a distribution similar to that of malate 
matrix content) is, at this stage of separation, still inclu- dehydrogenase. 
ded in the vesicles of both the contact sites (IIB) and the From the data in Figs. l-3 it can be concluded that 
inner membrane (P), the bulk of GR and GPx is located in the soluble frac- 
The GR, GPX and PHGPx activities show a complex tion-mainly in the matrix-of rat brain mitochondria 
pattern of distribution. The distribution of GR is rather and that a minor portion, estimated at 10-l 5% of both 
similar to that of malate dehydrogenase, whereas those enzymes, is concentrated in the contact sites between the 
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Fig. 3. Distribution pattern of marker enzymes after further fractiona- 
tion of the P fraction obtained by reverse density gradient centrifuga- 
tion of rat brain mitochondria after swelling, shrinking and sonication 
(see Fig, 1). Experimental conditions were as described in section 2. 
Abscissa: percentage ofprotein recovered in the single fraction: solu- 
ble (SN~) and sediment (Pp). Ordinate: specific activity relative to the 
intact P fraction. Marker enzymes as in Fig. 1. 
outer and inner membranes. This result is in accordance 
with our earlier finding [10] that brain mitochondria can 
utilize both endogenous and externally added substrates 
for these enzymes. The present evidence for a differen- 
tial distribution of GPx and PHGPx in relation to the 
mitochondrial inner membrane is of special interest, 
suggesting a strategic role of the two enzymes in elimi- 
nating, on one hand, HzO2 generated in the inner and 
outer rnitochondrial compartments by superoxide dis- 
mutase and by monoamme oxidase; and, on the other 
hand, phospholipid hydroperoxides formed in the inner 
membrane which is an important potential site of lipid 
peroxidation (27-29]. 
The data reported here further underline the func- 
tional importance of the contact sites between the inner 
and outer mitochondrial membranes, including their 
role in the transport of proteins [30-32] and lipids 
[33,34], as well as various enzyme activities [26], ion 
conductance [35] and, in general, the metabolic inter- 
play between mitochondria and the rest of the cell. 
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